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SECTION 1: DEVELOPMENT DURING PERIOD CF APRIL 1961 TO MARCH 1963

NOTE: Section I covers the early stages of progreh pent prior
to the David Clark Company's commitment to the/ Addans
and Space Administration's contract, number RAS
eponsibvilities incurred during this period of %}
of this project, bave not been assigned to the ~{:

A. DEVELOPMENT MATERIALS

1. Nylon block webbing P-1817 size 1 23/32 x 1/16 inch (Belly)
Type XII Mil-W-LOBBC.

2. Nylon btraid S/16171 Type 1A sage green Mil-65040-A (P-428)
(Thomas Taylor and Sons)-

3. Spring locking seal DWG. M-136-5 and spring flattened DWG. X-4OS4.
k. Primer for nylon webbing MD-1, ACS-548.
Elastomer, neoprene compounds SW 2RT/ACS-523 and ACS-3U6.
Mold-release, Dow Corning #230 fluid.

5

6

7. Mold DWG. M-lik, M-D-303, M-D-306, and M-D-271.

8. Spring locking shaft (ceble) DWG. M-1lik-2, M-136-3, and D-B399.
9

. Gear Box DWG. X-D-k15.

B. DEVELOPMENT EQUIPMENT

1. Hydraulic press with 70 ton capacity and 310° F hot plates.
2. lavoratory 1/k extruder.
3. Leboratory rubber mill 6 x 16.

L. Special template for going sssembly.

S. Heating Unit (hot cutting).
6. Hydrostatic tester (Q.C.).

7. Pyrometer range 50° to 400° F.
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DEVELOPMENT PROGRESS

In April of 1961, & npev product concept was revealed which suggested the
practicabiliity of a mechA&nically operated fuil pressure suit entrance cliosure.
t was anticipated that if this sealing closure assembly could be completely

successful, it would provide two highly desiretle advantages cover the slide
fasteners used in spacesuits. These adventages would be such that this seal-
ing closure apparatus would provide a greater gas reliability and would elim-
inate the present required use of assistance during donning procedures.

The genersl design of this sealing closure would incorporate a pair of oval
shaped helicsl 8prings which would be molided irtc fabric reinforced neoprene
instaliation tapes. A square shaped flexible drive cable, which is threaded
along & portion of its length, would engage the closure by collecting the
helical springs and spply continuous tension to the pressure sealing surfaces.
The drive cable would engage and disengsge the helical springs by means of a
crend opersted gear mech8nism, wpolch would be remotely liocated %o the closure.

1. FIRST PROTOTYPE

Due to the limited materials avallisble, the favrication of molds and the
first twelve (12, inch prototype sealing closure progressed siowly. At
the time of their completion & sealing closure was constructed, consist-
ing of & high durometer neoprene nylon with an inner structure of reinfor-
cing favric, helical springs installed between each sealing iip (before
the moiding operation), and & round helical spring locking shaft to temp-
orarily replace the crank operated gesr mechanism which had not been as
yet in the process of fabrication.

The spring .ocking shaft was inserted through the heiicel springs of the
sealing ciosure for the first evaluetion of this new concept. It was con-
ciuded during the examinaticn of this prototype closure, that a great deal
cf researcn and development would e necesgsary to complete thigs item with
any cegree of success. A few 07 the problems that were revealed &re as
Tollows:

a. In mclding this sealing closure a means of controlling the helical
spring plitch and rubber flow would be extremely difficult.

b. There would be a problem in cbtaining good adhesion of rubber to
spring steel (helical springs) end the nylon substraight.

¢. The spring locking shaft was very difficult to thread through the
helicel springs because of excessive friction.

d. Excessive bulk was caused ty the spring locking shaft.

e. The design and fabrication of the crank opersted gear mechanism would

invoive a great amount of time for research and development.

f. A special spring locking fiexible cable would require extensive re-
search and development.

Due to the other pricrities at this time, further development of this item
was compromised until July of 1962. At this time, a review was undertaken
to determine the designs and components which were more outstanding and

could be used for an iii ni contract. vIt was found that this new
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requirement would justify the continustion of the sealing closure, &t ‘
which time developmant of tiis project vas geared to fuli expediency. v

«

2. SECOND PROTOTYPE

|
To operate this sealing closure a crank opersted gsar box assembly wvas }
designed and fabricated to sct as the remote cloeing device. The design |
and operstion of this gear box assembly was such that as the crank vas l
rotated it wvould revclve the cable and wvors gear, located and attached |
tc the advencing end of the cable, vhich would in turn collect the heli- ]
c&l springs as it threaded itself through o the opposite end of the
sealing closure.

buik and stiffness proviem, and t0 provide the remcte crank operated gear
DOX B8sembliy VWith & workable prototype.

In order to fabricste @ more desirsble and second sealing closure, the ‘
molds used for the first closure wvere modified %o inciude & bar designed |
tc secure the helical springs during the molding process. Also a vari- J‘
ation in the eiastomers used for the closure were incorporeted to provide !‘
better adbesion to the belical springs, reinforcement fabric, rubber flow |
and for sdditionml flexibility.

Upon completion of the new and second closure, it vas evaluated and the 1
following results and malfunctions were existent: |

a. It vas determined th&t the unit would provide saple sealing capablili- ‘
ties at .5 tc 15 psi. However, it was noted that the sealing lips ‘
were over turning which ceused binding during the remcte closing

operstion.

The crank operated gear box assembly did not allow the cable to slide
as freely as had been anticipeted due to excessive friction and bind-
ing which vas apparent from within the cable housing chsuonel.

|l

c. The cable vas slipping vithin the gear box asseably due to the use
of & round cable.

The molds designed to close the ends of the sealing closure were
loose, thus allowing rubber to flow into the helical springs which
compromised the collecting and threading action of the cable worm

gear.

1]

' A number 0f flexible cables were designed and fabricated to eliminate the

4T
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DEVELOPMENT OF FULL PRESSURE SEALING CLOSURE
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SECTION II: DEVELOPMENT DURING PERIOD OF MARCH 1963 TC SEPTEMBER 1963

Section II covers the overall develomment under the National Asro-
nautics and Space Administration’s contreact, number NAS §-1186.

To complete the Full Pressure Sealing Closure project, the following
course of action wvas undertaken and is currently in progress.

A. ACTION UNDER CONTRACT NUMBER - HAS 9-1186

1.

2.

A redesign of sealing closure end molds for elastomer flov control.

Develop an improved elastomer that would lend itself to more flow
control.

Develop a new flexibvle cable of special ccafigureticns with an outer
surface coating which would be mechanically adaptable to the crank
operated gear mechanism;, thus eliminating friction, wear, and binding.
Redesign the sealing closure mold to improve the sealing lips.

Redesign the crank operated gear box assembly {o include ball bear-
ings within the cable housing sector.

Purchase a long bed press and extruder.
Pabricate s new twelve (12) inch sealing closure.
Fabricate a storage casing for the flexible cable.

Fabricate a fifty-two (52) inch long mold.

. Pabricate a full size sealing closure wvith its accessories.
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B. DEVELOPMENT PROGHESS

1. BEALING CLOSURE

]

March 15, 1963 to May 1, 1963

A detailed chemical and engineering study was undertaken, proto-
type hardware designed, neoprene compounds developed, molds were
machined and the third twelve (12) inch long prototype pressure
sealing closure was fabricsted. Preliminary evalustion of the
sample indicated that the bssic design was prectical, although the
molds used did not provide enough ccotrol for the special elasto-
mers developed.

iring evalustion it wes apparent that the closure would still
incorporate a nigh degree of sealing atvility whep pressurired
from .5 psi tc 15 pei (oxygen).

May 1, 1963 to June 1, 1963

Redesigns vere reduced to drevings and in various stages of fab-
rication.

June 1, 1963 tc July 1, 1963

The molding of the end sections to the sealing enclosure was un-
satisfectory. This condition existed due to erretic elastomer
flow control which resuited in excessive rubber collection {fimsh)
on the connecting surfaces. To eliminste this flash, & reversing
0f the forward motion in rubber flow was itried oy modifying the
end mold sections in the folilowing manner:

(1) An opening in the rear of the end mold was installed to pro-
vide & path of least resistance t¢c rubber flow.

(2) A gate was installed at the reservoir sector (front) to
provide a back pressure condition te rubber flow.

(3) Thne durometer of the rutber composition was increased to slow
down the flow within the mold.

Through the failure of the ahove efforts, it became necessary to
re-submit the end mold sections to the Engineering Department for
& new concept in design.
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July 1, 1963 to August 1, 1963

In order to eiiminste erratic elsstomer flow vhich caused excessive
rubber ccllection on the end section connecting surfaces, the end
moids were modified incorporating the use of a larger gate. With
this modification an end section was fabriceted and attached to the
rain body of a sealing closure. It was found that aithough the
connecting surfaces atiached without apperent leakage, appearance
vas compromised. At this time two additional end sections were
fabricated and attached to nev zealing closure bodies with added
pressure applied in the attaching process. It vas found that the
appearance wvas satisfactory, but due to0 the added pressure, the
sealing closure lips became distorted and therefore produced exces-
sive leakage.

August 1, 1963 to September 1, 1963

Proviems vere remedied in the process of attaching the sealing clos-
4re end sections to the sekling closure helical spriag section. 1t
wes found during the favrication of a nev twelve (12, inch proto-
type, that & reduction of pressure used in the attaching process
would, in turn, provide & successful sealing closure both in gas
reiiabiiity, integrity and appearance.

At this time, the fabrication of & torsc area gas container was init-
iated in which the twelve (12) inch prototype sealing closure would
be installed to further evaluate the relisbility of the concept.

2. CRANK OPERATED GEAR ASSEMELY, FLEXIBIX CABLE (SPRING LOCK AND SEAL),

AND CABLE STOURAGE CABE

e.

March 15, 1963 to May 1, 1963

The previously febricated flexible drive cable and manually operated
gesr mechanism successfully collected the helical springs, even when
engagement was attempted wvith the closure opened to & 45 degree angle.

Alithough the cilosure could be closed and sealed, additional design
efforts wvere required to reduce friction in the drive cable and gear
mechanism.

May 1, 1963 to June 1, 1963

Further evaluation of the prototype twelve (12) inch long closure
previously fabricated, disclosed that excessive friction in the gear
mechanism and fiexible drive cable comprowised amooth operation of

the pressure sealing device. Therefcre efforts at this time centered
on the redesign of these components. Studies conciuded tbat the in-
stallation of ball bearings in the crank operated gear mechanism would
tc & high degree, reduce friction of the assembiy. Additional reduc-

tion could be attained by changing the drive cable design to provide
additional flexipility.

All designs were reduced to drawings and in various stages of fabrica-

tion including ‘booiiliil Ii drive cable.
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June 1, 1963 to July 1, 1963

{2

Two methods to eliminate cable friction in the crank opersted i
gear mechanism were incorporeted. The first method used was :
the installation of two ball bearings (total of k) 180 degrees
apart at each cable bousing entry. The utilization of these
ball bearings provided an oversll bearing coverege of 360 de-
grees throughout the cable housing sector. As & result, the
design and instalistion technigque used csused the cable to
buckle in the center of the cable housing sector. A second
method was then incorporsted, using four bell bearings (total
of 8) to provide 360 degree bearing coversgs at esch cable
housing entry. Again, the design and instasllation techniques
incorporated were not sufficient, and &5 a result, the bear-
ings wcuid not revolve and excessive frictioo was still ap-

psrent. .

Due to the failure of these two methods, and the belief that
balli bearings vere the proper solution, it became necessary

to employ engineering assistance from the field of ball bearing
industry.

]~

July 1, 1963 to August 1, 1963 |

(1) The Devid Clark Company, Incorporated, contacted s firm
speciaiizing in bell bearing assembliies to sasist in incor-
poreting bell bearings into the crank operated geer mech- |
anism. This firm submitted a design concept which was ‘
evaiuated and approved vy David Clark Company engineers.
The configuretion utilized eight ball bearing assemblies
each with san inner and outer race. These ball bearing
assexblies wvere to be located at the opposing corners of |
the cable, within the cable housing sector; four assem- |
blies at each cable entry. It was anticipated that as ‘
the cable rotated on the outer race of the ball bearing
assemblies, friction and binding which prevailed in previ-
ous experimental models, would be sliminated.

(2) Two flexible csblies were given to the David Clark Company
engineers on & complimentary basis for the purpose of eval-
uation. These cables proved unsatisfactory due to their
circular design and improper flexibility rate. After ad-
ditional research it wvas concluded that a square cable with
rounded edges and a flexibility rate designed to complete
& circle within three inches of cable Jength, without dis- ‘
tortior in the return position, should be adequate. A die i
to produce the first actual prototype cable wvas designed
and in the process of fabrication.
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August 1, 1963 to September 1, 1963

Delivery of ball bearing assemblies which were being fabric-
sted by a vendor facility vas delayed due to final design
changes. The basic design concept for these ball bearing
assexblies, as outlined sbove were to be utilized.

The final prototype design for ths blank gear box assemblies
was completed and their fabrication in process.

A blank helical gear vas toocled and waiting the delivery of
biank gear box sssemblies. This helical gear would be at-
tached to the manusl drive crank of the gear assembly and
sct &8 the "pover” or "main” gear for the remsinder of the
gearing mechaniss.

A seventy-two (72) inch flexible cable wvas designed, fabric-
ated, and waiting to be evaluated with a crank operated gear
box assembly. This cable constructed of Monel steel is similar
in looks to & speedometer cable. The cable, originally round,
is compressed in a die to provide four rounded edges for key-
ing and catching purposes necessary throughout the complste
sealing closure sssembly. The cable will be costed with
Teflon material to eliminate friction and wear which may oc-
cur from the helical spring vhen rotating vithin the sealing
closure. A worm gear is built into tbhe traveling end of the
cable vhich, vhen rotsted, is designed to collect the helical
springs and in turn compress the sealing lips of the closure.

To provide cable storege facilities within a full pressure

suit assembly, & specitl case equally as long a8 the cable
itself wvas designed and fabricated. This storage case is con-
structed of a rubber coated flexible spring, approximately 1/4
inch in dismeter and is designed to be attached to the retreat-
ing opening of the craank operated gear assembly, so that as the
cable is retrieved from within the sealing closure it will auto-
matically store itself for future suit pressurization.
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SECTION 1III

DEVELOPNENT OF FULL PRESSURE SEALING CLOSURE

. DURING THE MONTH SEPTEMBER 1963
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SBCTION III: DEVELOPMENT DURING PERIOD OF SEPTEMEER 1, 1963 TO OCTCBER 1, 1963

A. WORK STATUS AND PROGHRESS REPORT

1. TEST CONDUCTED ON PROTOTYPS PRESSURE SEALING CLOSURE
(see rigures 1 through 1II)

A prototype torso area gas container has been fabricated with a
twelve (12) inch prototype sesling closure installed. This closure
extends from the front of the crotch to the lower spinal column
area. Using & prototype crank opersted gear assembly and fiexible
cable {spring lock and seal) as the proposed mechanized closing
device, the sealing closure vas sesaled to evaluate its gas integ-
rity and reliability capabilities.

Using & seventy-five (75) pound constant pressure supply source,

& pressure regulsator and & twenty (20) cubic centimeter flov meter,
the gas container vas pressurized to a maximum of fifteen (15) pounds
per square inch. The following chart indicates the lsakage rate in
cubic centimeters during each increase of pressure and the time al-
lotted for each test.

MILLIMETER PRESSURE APPLIED LEAX RATE IN TIME ALLOTED

0 o T0

|
l
I
I
I
I
I
l
I
i
1
i = 5 &
i
i
i
i
i
i
i

80 8o 60
100 110 25
130 145 50
1o 145 45
160 140 40
180 100 35
200 165 30
220 ‘ a5 25

260 233 15
280 234 10
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NOTE: The leskage rate beyond three hundred (300) millimeters
Pressure per sQuare inch wvas not determined at the time
of this test.

The closure was opened and closed ten (10) times using the crank
operated gear assembly and cable. The above tests wvere again in-
corporeted and the results did not vary from the original check.

It was evident that the leakage, as indicated in the above chart,

vas due to & minor distortion of the sealing lips on the sealing
closure. This conclusion is based on past experience vhere o
pneumatic distortion leak is high at low pressures and lowv at high
pressures. Examination of the problem revealed that during the
wolding of the m&in closure, the tension mandrels, bars which pro-
vide alignment of the helical springs during the molding process,
wvere deflected. Thie deflection resulted in the incresased and
distorted sealing lip. Also due to the deflection of the tension
mandrels, the helical springs vere misaligned and csused excessive
friction and binding of the flexible cable vhen collecting or emit-
ting the bhelical springs.

The proposed remedial course t0 eliminate these problem areas, is
t0 replace the tension sandrels with nev and modified mandrels,
and to secure 8 section of helical springs with a spot weld or
some other similar means at each end of the sealing closure before
the complete sealing closure body is molded. It is anticipated
that incorporating this metbhod with the present fabricating proc-
ess, along with absolute molding control will provide the desired
sesling closure body necessary for a successful full pressure
sealing ciosure assembly.

2. PROBLEMS WHICH MAY IMPEDE PERFORMANCE

At the present time there are no forseeable technical problems con-
cerning the operation or reliability factor in & complete full
pressure sealing closure or its accessories.

Although the concept for the full pressure sealing closure has mat-

erialized to an ultimately high degree of success in twelve (12) inch
prototypes, there has been an unpredictable amount of time involved

in their research and development problems. Alsc necessary prototype
fabrication time was alloted to vendor facilities for the construc- |
tion of components and assemblies which were necessary vefore project
continusnce. Due to the unpredictable delays detailed sbove, an ext-

ension has been requested for the successful completion and delivery

of Items 1 and 2a, of the contract.

It is anticipated that the financial agreements in the terms of the
contract have not been compromised by the development delays, and
that they are adequate to succesefully complete this project.
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3. ANTICIPATED PROGRESS DURING THE NEXT REPORTING PERIOD

in

It is anticipated that the cable's (spring lock and seal)
outer surface will be coated vith a Teflon material to
further reduce friction, binding, or wear.

Moids for the fabrication of a full size sealing closure
will be in process.

The construction of an actuel size spacesuit gas container
for the installation of a full size sealing closure is sched-
uled.

The prototype crenk operated gear assexbly will be further
evaluated for any existing deficiencies, and finalized for
use with an actual specesuit gas contsiner.
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FIGUR 1

October 10,

INFLATED GAS CONTAINER WITH INSTALIED SEALING CLOSURE
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AND EVALUATION INSTRUMENTS

‘
Millimeter Pressure QOQauge
Standard Pressure Gauge (psi)
Flowmeter {leak rate in cc's)
Crenk Operated Gear Assembly
Flexible Cable Storage Case
Cable Entry
Torso Gas Container

S8ealing Closure

1963
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8

nflated Ga




_DAVID CL

oM

[ X 1] L [ ] [ ] e ¢« © 800 © 0" o0
. o & ® o @ L] ® & o © [ ]
[ X ] [ ] [ ) ¢ @ [ ] . e eox ® © * 2
L] ® e0e L s o & s o L ]
oe L I ® o0 e

FIGURE IA

Inflated Gas Container - Rear View

October 10, 1963
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FIGURE 1B

Inflated Gas Container - Bottom View
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FIGURE IC
Inflated Gas Conteiner - Front View
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FIZEE 11

PROTOTYFE SEALING CLOSURE AND CLOSING MECHANISM

1. Twelve Inch Prototype Sealing Closure

Worm Gear (helical spring collector and threader)
3. PFlexible Cable Storege Cuse

4. Power Or Main Gear For Crenk Opersted Gear Assembly
5. Crank Opersted Gear Assembly

Fiexible Cable {spring lock and seal)
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